As a result of agricultural intensification, more food is produced today than needed to feed the entire world population and at prices that have never been so low. Yet despite this success and the impact of globalization and increasing world trade in agriculture, there remain large, persistent and, in some cases, worsening spatial differences in the ability of societies to both feed themselves and protect the long-term productive capacity of their natural resources. This paper explores these differences and develops a country!farming systems typology for exploring the linkages between human needs, agriculture and the environment, and for assessing options for addressing future food security, land use and ecosystem service challenges facing different societies around the world.
INTRODUCTION
Food problems have haunted mankind since time immemorial. Along with a few technological breakthroughs to increase yields, the food needs of growing populations were historically met by expanding the cultivated area. As the most fertile and irrigable lands became scarce, further expansion meant bringing poorer and lower yielding land into cultivation and placing greater reliance on fallow-based cultivation (Smith 1998) . By the nineteenth century, there was growing pessimism about the possibilities of feeding ever-growing populations, as exemplified in the writings of Malthus. The task seemed even more overwhelming as advances in medicine and public health led to longer life expectancies and higher fertility rates.
Agricultural expansion through colonization of new continents provided an important safety valve for Europe, but by the late nineteenth century even this was not enough (Richards 1990) . Public investments in modern scientific research for agriculture led to dramatic yield breakthroughs by the twentieth century. The story of English wheat is typical. It took nearly 1000 years for wheat yields to increase from 0.5 to 2 t ha K1 , but only 40 years to climb from 2 to 6 t ha
K1
. These advances were fuelled by modern plant breeding, improved agronomy and development of inorganic fertilizers and modern pesticides (Evans 1998) . Most industrial countries had achieved sustained food surpluses by the middle of the twentieth century, and many developing countries did the same in the closing decades. Asia, for example, which was threatened by hunger and mass starvation as late as the mid-1960s, became self-sufficient in staple foods within 20 years even though its population more than doubled (Evenson & Gollin 2003) . Africa is the only continent that has yet to achieve food surpluses.
In aggregate, the global food situation is very favourable today. Already more food is produced than needed to feed the entire world population and at prices that have never been so low. The fundamental hunger problem today is one of income distribution rather than food shortages. The hungry are simply too poor to buy the food that abounds, while, at the same time, obesity and chronic illnesses associated with excessive food intake are becoming a serious problem among richer people (WHO 2002 (WHO , 2003 . Simply increasing global supplies will not solve this distribution problem. The prognosis for global food supplies is also good (Millennium Ecosystem Assessment (MEA) 2005; von Braun 2005; FAO 2006) . While world food demand will continue to grow, there is already the capacity to grow more food, and continuing advances in the biological sciences should add to that capacity in the future.
Yet the global situation masks many serious concerns at regional and local levels. First, hunger and malnutrition persist in many countries. Today, there are still approximately 1.2 billion people who live in abject poverty, and many more who do not get enough to eat (including approximately 160 million malnourished children less than 5 years old; World Bank 2005) . Approximately 90% of the poor live in South Asia and Africa and 75% of them live in rural areas where they depend primarily on agriculture and related activities for their livelihoods. Second, expected increases in agricultural demand associated with population growth, urbanization and rising per capita incomes will require continuing increases in agricultural production in many countries. Yet there is increasing evidence that yield growth is slowing in many important bread-basket regions, while the prospects for further expanding cropped and irrigated areas are limited. Third, growing environmental problems associated with agriculture could, if not checked, threaten future levels of agricultural productivity at regional and local levels, as well as impose serious health risks and loss of ecosystem services (Cassman & Wood 2005) .
The real agricultural challenges of the future will, as today, differ according to their geopolitical and socio-economic contexts. The current divide between those who eat well and those who go hungry will continue, defined largely by differences in per capita incomes within and between countries. Factors that distinguish the various trajectories of agricultural development also exhibit significant spatial variability, such as differences in farming systems and productive capacity, population densities and growth, evolving food demands, infrastructure and market access, as well as the capacity of countries to import food or to invest in agriculture and environmental improvement. Environmental problems associated with agriculture too vary according to their spatial context, ranging from problems associated with the management of modern inputs in intensively farmed areas to problems of deforestation and land degradation in many poor and heavily populated regions with low agricultural potential. In short, despite globalization and increasing world trade in agriculture, there remain large, persistent and, in some cases, worsening spatial differences in the ability of societies both to feed themselves and to protect the long-term productive capacity of their natural resources.
In this paper, we first summarize key issues and describe the major drivers of change in world agriculture. We then develop a country!farming systems typology as a framework for exploring linkages between human needs, agriculture and the environment, and for assessing options for addressing future food security, land use and ecosystem service challenges facing different societies around the world.
PAST ACHIEVEMENTS AND FUTURE CHALLENGES
At the global level, agricultural production has grown much faster than the population in recent decades, leading to a steady increase in per capita agricultural output (including food) and a steady decline in world prices for most agricultural commodities, particularly since the late 1970s (figure 1). This has been achieved primarily with a technological revolution that has increased yields through increases in modern inputsirrigation, improved seeds, fertilizer, tractors and pesticides (figure 2). In a dramatic break with historical patterns, expansion of the total cropped area in most parts of the world has played a remarkably small role in increasing agricultural production in recent decades, to the point that growth in the global extent of cropland has virtually stagnated (table 1). The switch from area expansion to intensification of input use as the primary production growth strategy has reduced the demand for land conversion by over 1 billion hectares globally since the early 1960s (Cassman & Wood 2005) .
As a result of this unprecedented growth in agricultural productivity, the world now produces more than enough food to feed the entire population to minimum UN standards if it were distributed more equitably. Even more remarkably, this surplus has been achieved despite the diversion of considerable land, labour and other rural resources to the production of higher-value foods (meat, milk, fruits, vegetables, etc.) to meet the changing food demands of growing, more urbanized and more affluent populations. This includes the additional cereals needed as feed grains in intensive livestock systems and oil crops for inland aquaculture (table 1) . Despite these accomplishments, serious hunger, health and environmental concerns remain.
(a) Hunger concerns Not all countries have shared in the global success of agriculture, and hunger and malnutrition persist in many parts of the world. Africa as a continent has not been able to increase its agricultural production to keep pace with population growth, leading to periods 1961 1965 1969 1973 1977 1981 year 1985 1989 1993 1997 2001 2005 index (1961 = 100) food production per capita food price food production Figure 1 . Global trends in food production and prices (index 1961-2005) . Data from FAOSTAT (2006) , IMF Yearbooks and World Bank (2005) .
of decline or stagnation in its food and total agricultural outputs per capita (figure 3). Africa has yet to experience the kind of technological revolution enjoyed elsewhere and still uses few modern inputs in agricultural production. For example its use of inorganic fertilizer (12 kg ha K1 ), share of irrigated cropland (less than 4%) and use of tractors (1 tractor per 620 ha) rank the lowest of any region by a considerable margin (Wood et al. 2000) . As a result, yields of all major crops in Africa have grown little over the past 40 years and cereal yields have stagnated for the past 20 years (figure 4).
However, even in countries and regions that have performed better and now have food surpluses (e.g. much of South Asia), hunger and malnutrition are still widespread. Although many increasingly affluent Asians are rapidly diversifying and enriching their diets, leading to a sustained surge in demand for livestock products, fruits, vegetables and vegetable oils and some feed grains, over 500 million other Asians go hungry, and in South Asia (as in Central America, Near East and North Africa, sub-Saharan Africa and across the Commonwealth of Independent States countries), the actual number of hungry people continues to grow (FAO/SOFI 2005) . These people do not have the means to buy sufficient food to meet basic food needs, and desperately need better livelihood opportunities. Past patterns of growth have been insufficient or have failed to adequately benefit the poor. However, while hunger is now largely a distributional problem in most parts of the world, Africa still faces the additional burden of a classic food shortage problem. SubSaharan Africa still relies on food aid, and the food 1963-2002 1963-1976 1976-1989 1989-2002 population ( gap is projected to increase significantly in the future (Runge et al. 2003) . Looking ahead, future increases in population and staple food needs will largely occur in regions that are currently doing less well (low-income, high-poverty countries). These countries have limited capacity to pay for imported foods, and developing domestic agriculture will have to play a key role in solving local income and poverty problems. However, as we shall discuss later, the opportunities for agricultural growth will differ among countries.
(b) Health concerns While the key health effects of agriculture are overwhelmingly positive through the nutrition benefits of food consumption, there are other aspects of agriculture that impinge on health. The two broadest categories of impact are those mediated through health hazards of food contamination (such as pesticide residues) and those associated with the conduct of agriculture through crop cultivation and animal rearing activities. Health effects of contaminated foods arise from shortcomings in production, processing, storage and preparation that are more prevalent in poorer countries. It is estimated that 70% of the 1.5 billion episodes per year of diarrhoea are due to biologically contaminated food ( WHO 2002) . However while considerable progress has been made in reducing food-related mortality and morbidity through improved education and advice on such things as food handling, of more recent concern is growth in the incidence and severity of zoonoses (illnesses and 1961 1965 1969 1973 1977 1981 1985 year 1989 1993 1997 2001 2005 index (1961 = 100) world South Asia all developing sub-Saharan Africa 1961 1965 1969 1973 1977 1981 1985 year 1989 1993 1997 2001 2005 yield ( diseases communicated from animals to humans, e.g. salmonellosis, CJD, brucellosis, rabies and, of major contemporary concern, avian flu). The rapid growth in intensive livestock production in Asia, including in peri-urban areas, is adding to the risk of more serious disease outbreaks. Agriculture is also a hazardous occupation. Globally, it is estimated that farm workers run at least twice the risk of dying on the job than workers in other sectors and that approximately 170 000 people die per year owing to these work hazards ( Forastieri 1999) . Not only mortality rates but also rates of accidents and injuries are high. Injudicious use of pesticides and a lack of safe spray equipment and protective clothing suitable for tropical conditions are causing significant short-term as well as long-term health problems. On a global scale, it is estimated that 20 000 people die of adverse effects of pesticide exposure each year, 3 million are poisoned and there are nearly 750 000 new cases of chronic pesticide exposure (WHO & UNEP 1990 ). Pingali & Roger (1995) documented long-term health effects to farmers, farm workers and their families through pesticide exposure during spraying as well as unsafe storage, handling and disposal of pesticides.
Beyond the health effects to humans, excess of agriculture-related contaminants in soil, water and the atmosphere all contribute to broader damage to the health of flora and fauna that could severely impact the biological functioning of terrestrial, freshwater and coastal ecosystems and the delivery of a range of vital ecosystem services (Millennium Ecosystem Assessment (MEA) 2005). Excess nitrates from farming that enter water systems is a prominent example.
(c) Environmental concerns Environmental problems associated with agricultural growth could, if not checked, threaten future levels of agricultural productivity at country and regional levels as well as impose future health and ecosystem service costs. The full extent of environmental damage from agriculture is difficult to assess with available data and has only been attempted in a limited number of studies (see Pretty et al. (2000) for a UK case study). Here, we simply attempt to summarize indicative estimates from available sources.
(i) Deforestation and forest degradation Every year approximately 13 Mha of forest are lost or degraded in developing countries, equivalent to just over 1% of the current tropical forest reserves (FAO 2005) . More than 60% of deforestation has been attributed to subsistence farming in hillside areas, where declining yields force poor people to rely on shifting cultivation (FAO 2005) . FAO attributes the major cause in Africa and parts of Asia to the expansion of subsistence farming, whereas government-backed logging and conversion of forest to other land uses, such as large-scale ranching or oil palm estates, are more common in Latin America and other parts of Asia. Developing countries have now lost about onefifth of their total forest since 1960, with Asia losing 30%, and Africa and Latin America 18% (Bryant et al. 1997) . In addition to outright deforestation, much of the remaining forest and woodland areas have been badly degraded through encroachment by farmers and livestock and selective logging (Geist & Lambin 2001; FAO 2005) . Conversion or degradation of forests leads to loss of forest products, many of which (especially fuel wood, poles and non-timber forest products) are particularly important to the poor. Deforestation also gives rise to loss of important environmental services, especially watershed protection, maintenance of biodiversity and carbon sequestration ( FAO 2005; Millennium Ecosystem Assessment (MEA) 2005) .
(ii) Water depletion and degradation of irrigated land Irrigated agriculture is associated with wasteful water use in many countries, usually accounting for more than 50% of total water use, as well as unsustainable mining of ground water and aquifers (Postel 1997 (Postel , 1999 Wood et al. 2000) . As demand for water has grown, especially in the non-agricultural sectors, countries have increasingly faced water scarcities, and farmers are having to learn to produce more with less water. Increasing water scarcity has the potential to seriously worsen food balances in hot spot areas, perhaps even globally if timely and judicious action is not taken (Rosegrant et al. 2002) .
Salinization and waterlogging are two significant consequences of poor irrigation management and inadequate drainage and bring about decreased productivity and shifting ecological conditions (Ghassemi et al. 1995) . Ghassemi et al. (1995) estimated that approximately 45 Mha, representing 20% of the world's total irrigated land, suffers from salinization or waterlogging. In Pakistan, which has the world's largest contiguous surface distribution system, an estimated 3.5 Mha (some 25% of the irrigated area) is affected by waterlogging and salinity, and 8% of these lands are seriously degraded (Pinstrup-Andersen & Pandya-Lorch 1994) . Globally, some 1.5 Mha of irrigated land per year are lost to production (Ghassemi et al. (1995) quoting Dregne et al. (1991) ) and approximately US$11 billion is lost annually from reduced productivity (Postel 1999) , representing approximately 1% of the global totals of irrigated area and annual value of production, respectively (Wood et al. 2000) .
(iii) Soil degradation There are many and complex linkages between agriculture and land degradation. Farming in areas of fragile soils, poor management of crop, soil and water interaction, and unsustainable exploitation of soil nutrients are some of the major causes of land degradation (Lal 1997) . Only some 16% of croplands globally are inherently free of soil constraints (Wood et al. 2000) , and that figure is as low as 6-7% in Southeast Asia and sub-Saharan Africa. Assessing the biophysical and economic impacts of soil degradation is highly problematic, and while most studies point to broad extents and significant severity of degradation within the world's croplands, the implications for agricultural productivity and ecosystem services remain poorly understood at national and regional scales. Land degradation is particularly troublesome in hillside and mountain areas owing to its impact on Drivers of change in global agriculture P. Hazell & S. Wood 499 downstream watersheds. Loss of tree cover leads to poorer water retention and storage and seasonal flooding, and soil erosion silts up reservoirs and irrigation and drainage structures downstream. In dry land areas, cropland encroachment into pastoral areas aggravates soil erosion problems and overstocking of the remaining grazing areas. Soil nutrient mining is endemic in low-input farming systems, especially in areas with poor infrastructure and marketing institutions, where use of inorganic fertilizers is uneconomic. In much of Africa, for example, with its average 12 kg ha K1 of inorganic fertilizer use (compared with over 100 kg ha K1 in all developing countries) and inadequate levels of other forms of nutrient replenishment, soil nutrient stocks continue to deplete in unsustainable ways (Smaling et al. 1993) , often with harsh implications for rural lives and livelihoods (Scoones 2001; Sanchez 2002) .
Land degradation is most severe in 'hot spot' areas such as the foothills of the Himalayas, sloping areas in southern China, Southeast Asia and the Andes, the forest margins of East Asia and the Amazon, rangelands in Africa and West and Central Asia, and the Sahel (Scherr & Yadav 1995) .
The economic costs of land degradation are difficult to assess and few of the available estimates are based on reliable data (Crosson & Anderson 1992) . Studies have placed the total cost as high as 3% of agricultural gross domestic product (GDP) per year for Java, Indonesia (Magrath & Arens 1989) ; at between 4 and 16% of agricultural GDP per year for Mali (Bishop & Allen 1989) ; and at 10% of annual agricultural production in Costa Rica (World Resources Institute (WRI) 1991). However, improved understanding of the role of processes such as silt deposition within catchments (Trimble 1999 ) and meta-analyses of empirical observations (e.g. Lindert 2000; Biggelaar et al. 2001) have recently provided more conservative assessments of long-term soil degradation. Nonetheless, costs to poor farmers in terms of lower yields are often very real and have important implications for their food security and income earning opportunities (Scherr 1999) .
(iv) Biodiversity losses Agriculture has had large and well-documented adverse impacts on biodiversity in a number of ways. The first and most apparent impact has been a locally extensive, if globally declining, conversion of natural ecosystems for agricultural purposes. Second is the management of agricultural landscapes in ways that can limit the existence of natural biodiversity within them. Third is the use of production practices such as the application of pesticides and use of other agrochemicals that further constrain the viability of natural biodiversity, e.g. bees, bird populations and soil biodiversity. Since these animals and organisms can often perform beneficial economic services from a production perspective, these losses impact human well-being both directly and indirectly (e.g. the economic contribution of pollinators to coffee revenues in Costa Rica, Ricketts et al. 2004) .
From an agrobiodiversity perspective, there has been serious loss of traditional food crop species and, even for the crop species that are grown, large areas are planted to a few modern varieties (for example, the IR36 variety of rice has been planted on more than 10 Mha in Asia). This varietal specialization has occasionally led to widespread crop losses due to outbreaks of diseases and pests (e.g. brown plant hopper in rice) to which widely planted varieties had no resistance. And the constant evolution of pest and diseases so as to overcome inbred resistance has required that larger shares of agricultural research expenditures be allocated to 'maintenance' research and germplasm conservation programmes (Anderson et al. 1987) .
(v) Global and regional climate change There is significant evidence that agriculture has both contributed to and been impacted by climate change. Agriculture contributes to greenhouse gas emissions (both carbon and nitrogen based) primarily through land conversion, particularly: deforestation, tillage and burning practices, volatization of organic and inorganic fertilizers and methane emission from ruminant livestock and paddy rice cultivation. Globally, carbon dioxide emissions from land use change (approx. 1600 Mt C yr K1 ), largely driven by agricultural expansion, grew most rapidly in the period . Current growth has been assessed at approximately 0.5% yr K1 , predominantly driven by land use change in developing countries. While much smaller in quantity (approx. 170 Mt C yr K1 ), methane emissions from agriculture are more significant. Agriculture is the major anthropogenic source of methane, a gas with very high 'global warming potential', and probably driven by recent rapid growth in meat consumption, methane emissions continue to grow at approximately 1% yr K1 (IPCC 2000; Wood et al. 2000) .
Assessing the impacts of climate change on agriculture is more complex. While there is extensive scientific debate about the nature of the underlying driving forces, there is clear evidence of changing temporal and spatial patterns of climate phenomena that impact agriculture. Of most significance to farmers has been the increased instability and variability of rainfall events. For example, the unusually frequent El Niñ o Southern Oscillation (ENSO) events of the late 1980s and the 1990s caused widespread losses in agriculture due to heavy rainfall and floods in some areas (mainly in the Americas) and more intensive droughts in others (mainly in Asia). One study of the effects of past El Niñ o and La Niñ a events estimated losses to US agriculture of between US$1.5 and US$6.5 billion per event (Adams et al. 1999) . Impacts of longer-term climatic trends have also been reported: such as a 10 day increase in the average length of annual growing season and a 12% increase in greenness across Europe over the period 1962 (Voigt et al. 2004 .
Climate change will affect different localities in different ways, with potential benefits to some important food growing areas (e.g. the Canadian Prairies) but making agriculture more difficult in some other regions (e.g. many drought prone areas in Africa). Agricultural systems do have considerable capacity to adapt to climate change, but this poses many new challenges that are not yet fully understood. More research is needed to identify the best ways to adapt.
The various concerns discussed above are highly interactive, making it difficult to predict or evaluate their combined impact. However, so far, the combined effects of most of these environmental problems have not threatened the overall capacity of the world to feed itself, though they have had important local impacts on human well-being.
DRIVERS OF CHANGE IN AGRICULTURE
To properly understand the forces driving change in global agriculture and land use, we propose consideration of three scales of drivers. We define a driver as 'any natural-or human-induced factor that directly or indirectly brings about change in an agricultural production systems'.
-Global-scale drivers. They affect all agriculture around the world, but to varying degrees. These include trade expansion, value chain integration and climate change, as well as international processes established to facilitate or mitigate them, such as agricultural support in the Organisation for Economic Co-Operation Development (OECD) and the World Trade Organization (WTO). Other drivers include the rapid globalization of science and knowledge access, facilitated by expanding global communications options that can serve to accelerate the flow of information, technology and products relevant to agricultural development. -Country-scale drivers. They affect all agriculture within a country, although factors such as poor infrastructure and market access may lead to spatially differentiated impacts. -Local-scale drivers. They are specific to each local geographical area and different types of agricultural production system.
At any given location, the relative importance of the impacts attributable to each scale of driver or to the interactions among them is difficult to determine. However, it is, we argue, important to keep focus on the underlying scales of those drivers' most shaping local challenges and opportunities. Doing so can greatly facilitate evaluation of appropriate response strategies. For example, strategies for responding to unwelcome change are largely conditioned by the ability of local actors to influence the drivers of that change. A local response to climate change must focus on adaptation or coping, while local resource degradation might involve effective mitigation of the drivers through household or community decisions and actions.
We summarize some of the key global-, national-and local-scale drivers in table 2 and provide some indicative assessment of their overall relevance and rate of change. In the following section, we provide further assessment of many of these drivers.
(a) Global-scale drivers (i) International trade and globalization of markets International agricultural trade has increased 10-fold since the 1960s owing to more open trade policies, market liberalization in many developing countries and advances in communications and transport systems. Some important consequences have been -more intense competition in export and domestic markets for nearly all major agricultural commodities, -more integrated global and regional markets that are dominated by a few large international trading companies, -increasing demand for higher quality and safer foods, and -increasing amounts of food travel longer distances with growing concerns about the energy used in 'food miles' and the transmission of pests and diseases to humans, plants and animals.
These changes have induced significant changes in the crop mix in countries that have opened their borders. Some developing countries have taken advantage of new trade opportunities to increase exports of non-traditional products such as flowers, fruits, wine and fish. Good examples are Chile, South Africa, Thailand, Costa Rica and Kenya. In Africa, many small countries have lost significant market shares for their traditional exports (e.g. coffee and tea) owing to high costs, poor quality and an inability to raise productivity. Such countries also face more intense competition in their own domestic food markets, including those for food staples. Farmers in OECD countries have been much less affected in their domestic markets because these are still protected, but some have seen increased export opportunities (such as cereals and oilseeds to Africa and Asia). There has also been an expansion in agricultural trade between developing countries (e.g. soybeans from Brazil to China).
(ii) Low world prices The remarkable increase in the productivity of global agriculture achieved in recent decades has also led to lower production costs that, where markets are competitive, have been passed on to consumers through lower prices. Low-cost producers have also expanded their market reach through greater opportunities for international trade. As a result, there has been a continuing decline in world prices (see for example the food price index in figure 1 ). By artificially increasing the competitiveness of their farmers, OECD countries have also contributed to lower world prices through their agricultural support programs. However, world trade modelling studies suggest that world cereal prices would only be 10-15% higher if all OECD agricultural support policies are dismantled, so this is not the primary source of the decline in world prices.
Low prices are good for consumers, especially poor urban consumers in developing countries. On the contrary, they are a disincentive for farmers. They particularly discourage investment and production in countries and regions that are not sharing technological advances and whose costs are not declining as fast as others. The technology divide is widening between many rich and poor countries as a result of differences in research and development expenditures (Pardey et al. 2006) . Low commodity prices are also a chronic Drivers of change in global agriculture P. Hazell & S. Wood 501 problem for many less-favoured agricultural areas owing to their uncompetitive yield levels and high transport costs.
(iii) High energy prices High energy prices can have mixed environmental impacts. In mechanized farming systems, they may encourage lower tillage practices that reduce soil erosion. However, in many poor countries, they may contribute to additional deforestation and land degradation through greater use of wood, manures and crop by-products as sources of household energy in rural areas. Biomass energy already accounts for about one-third of total energy use in developing countries, with most being used for household purposes such as cooking and water and space heating ( FAO 2000) . On the other hand, if more land is planted to dedicated energy crops, agriculture might also make important contributions to reducing national energy costs and green house gas emissions. Current oil prices are already sufficiently high that investment (public and private) in bioenergy is increasing, but the real impetus Table 2 . Summary of global, country and local scale drivers of agricultural change. Source: authors (Importance: 0, very low; C, low-medium; CC, high. Trend: KK, strongly declining/negative; K, declining/negative; 0, stable; C, increasing/positive; CC, strongly increasing/positive; '/' indicates a range (reflecting both an observed range but also uncertainty CC K/C malnourishment, obesity, HIV/AIDS, malaria; zoonoses; pesticide exposure, etc. technology design C/CC K/C fitness for purpose (productivity, sustainability, profitability) often poor property rights C/CC K/C absent/adverse property rights promote resource exploitation and underinvestment condition and capacity of natural resources (on-site) CC KK/C on-site/off-site impact of residues greater in high-input systems (externalities) CC KK/0 externalities from resource degradation and agricultural expansion in low-input systems infrastructure and market access C C /CC improves access to services, inputs, technologies as well as to output markets non-farm opportunities CC 0/C investment source; enable part-time farming and exit from agriculture for expansion in biomass is likely to come from growth in carbon payments and mandated requirements for mixing biofuels with existing transport fuels. Already several countries are moving in this direction. A significant expansion in bioenergy production could be immensely helpful to farmers around the world, but its impact on food prices and poverty and hunger needs to be carefully managed.
(iv) OECD agricultural policies Although many developing countries have liberalized and opened up their agricultural markets to international trade in recent years (often as part of International Monetary Fund (IMF)/World Bank-supported structural adjustment programmes), the protectionist agricultural polices of most OECD countries are increasingly recognized as discriminating against the well-being of farmers in developing countries. Developing country farmers not only have limited access to rich country agricultural markets but also face domestic markets distorted by subsidized imports. The size of these distortions is immense. In 2000, the producer subsidy equivalent of these policies in the OECD countries was US$330 billion (World Bank 2002); equal to Africa's entire annual GDP that year. These policies are particularly damaging to small farmers in poor countries because they limit their opportunities to produce more of the products in which they have comparative advantage. This is not just a matter of developing country farmers being squeezed out of export markets for tropical 'cash' crops like cotton, sugar and tobacco, but they are even pressured in their own domestic and regional markets for staple foods like cereals and livestock products. The recent collapse of the Doha round of the WTO negotiations does not bode well for any immediate correction of these distortions.
(b) Country-scale drivers (i) Per capita income and urbanization Growth in national per capita income leads to major transformations within the agricultural sector.
-Agriculture's share in national income and employment falls as countries grow richer and diversify into manufacturing and service sector activities, even though agricultural output and employment typically keep growing until quite late in the development process. This means that agriculture becomes progressively less important for national economic growth. However, the decline in agriculture's importance is often overstated in the sense that the locus of value-added activities derived from agriculture shifts to the processing of food and non-food products, packing, distribution, retail and so on whose benefits are attributed to other sectors, e.g. services. However, the fundamental reliance on agriculture still remains. -As per capita incomes rise, labour becomes more expensive relative to land and capital and small farms begin to get squeezed out by larger and more capitalized farms that become better placed to compete. This also leads to an exodus of agricultural workers and the adoption of more capital intensive technologies.
-As per capita incomes rise, consumers diversify their diets and demand higher-value livestock products, fruits and vegetables and relatively less food staples. They also demand higher-quality and safer products, and more processed and pre-cooked foods. Urbanization accentuates these patterns and also places a high premium on market access, especially for perishable products.
As a result of these changes, farms become larger, more commercial and more specialized in higher-value products. Many small farms disappear, while others adapt either by specializing in high-value niches in which they can compete or by becoming part-time farmers (Lipton 2005) . Fortunately, opportunities for small farms and agricultural workers to leave agriculture or diversify their incomes also increase with economic growth.
This transformation has historically taken many generations to unfold (e.g. in Europe and the USA where the agricultural work force is now less than 2% of the total) but is happening at a much faster rate today in some parts of the developing world. For example, the rapid growth of per capita incomes and urbanization in Asian countries like China and India (where about half the work force is still in agriculture) is leading to enormous pressure for many millions of small farms to adapt and/or find exit strategies. Europe is still struggling to solve the remnants of its own small-farm problem after several decades of highly expensive interventions. Yet the scale of the problem Europe faced after World War II was tiny compared with that faced by Asia today. A key question is whether Asia will be able to handle its small farm transition without resorting to the kinds of expensive and marketdistorting agricultural support programmes that ensnared most OECD countries.
Growth in per capita income also affects a country's ability to cope with environmental problems. Historically, there is an inverted U-curve relationship between economic development and many types of environmental degradation ( Yandle et al. 2004) . Countries initially degrade resources and pollute their environment as they begin to grow, and degradation typically continues to worsen until levels of per capita income are attained at which growing aspirations for improved quality of life, together with sufficient economic means and institutional capabilities, enable many environmental problems to be addressed and even reversed. Evidence for this broad relationship can be found in cross-country and historical country studies of air pollution and water contamination (e.g. World Bank 1992; Lomborg 2001), and community and regional studies of resource degradation (Tiffen et al. 1994) .
(ii) Changing market chains Marketing chains are changing in countries of all types with trade liberalization and globalization. Supermarkets, for example, are expanding rapidly to become the dominant player in controlling access to retail markets in Asia and Latin America (Reardon et al. 2003) , and direct links to international trading companies are often essential for accessing high-value Drivers of change in global agriculture P. Hazell & S. Wood 503 export markets. As a result, developing country farmers are increasingly being challenged to compete in markets that are much more consumer driven and demanding in terms of the type, quality and safety of agricultural products, more concentrated and integrated, and much more open to international competition. As farmers struggle to diversify into higher-value products, they must increasingly meet the requirements of these demanding and fickle markets, at both home and overseas. These changes offer new opportunities to farmers who can successfully access and compete in such transformed markets, but they are also a serious threat to those who cannot. Many small farmers are particularly under threat from these developments and cannot easily compete with large farms on the basis of cost, quality or volume. Solutions sometimes lie in the formation of producer marketing groups or in contract arrangements with large farms or buyers (Narayanan & Gulati 2003) .
(iii) Shifts in public policy In developing countries, fundamental shifts in the internationally accepted development paradigm have transformed public sector policies towards the agricultural sector. As part of the IMF/World Bank-led structural adjustment programmes of the 1980s and early 1990s, state agencies in many countries have been removed from providing direct marketing and service functions to farmers, supposedly creating opportunities for the private sector to take over as a more efficient supplier. This change in paradigm may be working for the larger national good in countries with reasonable infrastructure and effective legal and regulatory frameworks, especially for high-value markets. Evidence on the net impact of the policy reforms on agricultural growth remains mixed ( Fan & Rao 2003) . While the reforms led to some improvements in farm gate prices and costs that should have induced more on-farm investment and productivity increases, they also led to a decline in public investment in agriculture in many poor countries, which will have weakened the competitiveness of the sector. The mixed response of the private sector in assuming the mantle for providing key services adds to the ambiguities of the net impact of the reforms. However, the private sector has not stepped in to fill the vacuum left by the withdrawal of state agencies in many low-income countries (LICs; Dorward et al. 1998; Kherallah et al. 2002) . The removal of subsidies has also made some key inputs (e.g. fertilizer) prohibitively expensive for many farms, and the removal of price stabilization programmes has exposed farmers to more volatile farmgate prices. These problems are especially difficult for small farms located in more remote regions with poor infrastructure and market access.
These policy-related driving forces are particularly challenging for Africa and South Asia, where small farms account for over 80% of total farms and 40% or more of total agricultural output. Left to market forces alone, the major beneficiaries of the new high-value and liberalized agriculture will mostly be the larger and commercially oriented farms, and farms that are well connected to roads and markets. Many more small farmers and agricultural workers will need to leave the industry if these polices continue unabated (Lipton 2005) .
Some OECD countries have also reformed their domestic agricultural policies in recent years, moving away from price support polices that encourage highinput use and excess production to more direct payments that are less tied to production. These include income support payments and environmental conservation payments in the US and Europe. These policy changes have helped reduce domestic agricultural surpluses and public food stocks, but they have been insufficient to level the playing field for most developing countries. Farmers in developing countries must still compete with subsidized exports from OECD countries, and they face many non-price barriers on agricultural exports to OECD countries.
(c) Local-scale drivers (i) Poverty Poor people have been widely implicated as a primary cause of much of the observed environmental degradation in rural areas. A prevalent view in the literature is that poor people are less able to contain or reverse resource degradation because they are more desperate and more likely to trade-off tomorrow's production in order to eat today (Mink 1993) . They are also more likely than richer people to have large families, lack investment capital, face insecure property rights, have limited access to suitable technologies and be less informed about the consequences of their actions. Worsening degradation contributes to lower incomes and deepening poverty. Since this aggravates many of the factors thought to prevent poor people from stabilizing or improving the condition of their natural resources, the degradation of these resources continues to worsen. Over time, poor people are trapped in a downward spiral, with ever-worsening poverty and resource degradation (Cleaver & Schrieber 1994) . The spiral is further aggravated by population growth that increases the number of poor people who are dependent on the deteriorating resource base.
Although there are clear cases where poverty is an important driving force behind resource degradation, empirical research shows this is more likely to occur in poor-quality and fragile agricultural lands, especially those with high and increasing population densities. More generally, degradation results from the behaviour of all kinds of farmers, including larger-scale and richer farmers. Environmental degradation in highly productive irrigated areas is a case in point, since most of the farmers in those areas are not poor. Even in many less-productive rainfed lands, richer households actually own most of the land and livestock and are major contributors to resource degradation (e.g. largescale cattle ranchers in the Amazon Basin, large-scale sheep herders and mechanized crop farmers in the lowrainfall areas of North Africa and the Near East). Even among the poor themselves, there is considerable diversity in how they manage natural resources. This reflects complex socioeconomic factors that may relate to broader issues concerning rights of access to, and control of, natural resources, political empowerment, alternative livelihood options and ability to marshal investment capital than simply to levels of poverty and resource availability (Barraclough & Ghimire 1995; Reardon & Vosti 1995; Forsyth et al. 1998; Scherr 1999) .
The fact that poverty is not a clear driver of resource degradation also helps explain why recent gains in reducing poverty in some countries have not always led to noticeable improvements in sustainable resource management. However, unless chronic hunger and food insecurity are reduced, the poor will continue to exploit natural resources in the short run, thereby undermining the sustainability of natural ecosystems and consequent food security in the long run (Webb 2002 ).
(ii) Population pressure Rural population growth is still high in many, particularly poorer, countries despite migration and rapid urbanization (table 3) . However, how this impacts on agricultural productivity and environmental management is still a matter of some debate. There are two competing theories about the impact of population growth on natural resource degradation and agricultural productivity. The traditional Malthusian argument assumes limited technological advance in agriculture, hence growth in population leads to expansion of the cropped area into ever more marginal lands, with a resulting decline in labour productivity and per capita output. This process of impoverishment continues until per capita output declines to subsistence levels, below which population growth is unsustainable (Malthus 1993) . Extensions of this model to include resource degradation lead to 'downward spirals' that accelerate the process of impoverishment (Cleaver & Schrieber 1994) .
In contrast, Boserup (1965) has offered the much more optimistic view that as population pressure grows and labour becomes cheaper relative to land, then a process of 'induced innovation' occurs whereby communities invest in agricultural intensification and in improving their natural resources. For example, in many Asian societies, growing population pressure led eventually to investment in the terracing and levelling of cropland, to the construction of elaborate irrigation systems and to the use of composting and manures. The induced innovation model predicts increases in agricultural output per unit of land, but it does not Drivers of change in global agriculture P. Hazell & S. Wood 505 necessarily predict that output per worker (or average labour productivity) will also increase, or that investments will be made in technologies that improve the long-term sustainability of resources. This will depend on the speed and type of the induced technological change. If average output per worker continues to decline, then the induced innovation model can also lead to the same state of impoverishment as the Malthusian model, but over a longer-time horizon. Geertz (1968) documented such a process in Java and coined the term 'agricultural involution'. However, if technological change can raise labour productivity then, even as more workers are absorbed into the system, per capita incomes will rise on average, and a sustained process of economic development may be launched. A growing body of empirical studies lends support to the induced innovation model (see Pender (1999) for a review), though often without showing any sustained increases in labour productivity. Migration out of rural areas, whether permanent or seasonal, has increased dramatically in many developing countries in recent years and has helped contain, though not reverse, rural population growth. Migration has mixed impacts on agriculture. It affects labour supplies (negatively in the home areas, but perhaps positively in other rural areas in the case of rural-rural migration) and remittances can be an important source of income for the home areas, reducing poverty and providing available funds for investment in farm inputs and investments that enhance productivity (Reardon et al. 1994 ).
(iii) Health Worsening health problems such as malaria and HIV/AIDS are taking a severe and increasing toll among rural people in many locales. Some of these problems are specific to particular ecosystems (e.g. malaria in tropical lowlands), while others are more pervasive and can have strong links to urban areas (e.g. HIV/AIDS) and impact agricultural areas with better links to transport routes and urban areas. HIV/AIDS is particularly pernicious in that it first strikes adults, reducing the number of able adult workers and leaving many children as orphans with limited knowledge about how to farm. Many small farms will eventually disappear as a result of HIV/AIDS, but only after a difficult transition period during which local communities must find ways to cope with the human tragedies involved. Health problems correlate strongly with income and poverty, since poor countries and poor regions have the least resources to prevent and control health problems. Health problems may also be aggravated by global and regional climate change.
(iv) Technology design New and improved technology has proven to be the most important driver of agricultural productivity growth. How new technologies are designed and managed therefore have an important bearing on the environmental impact of agricultural growth. When poorly designed, or inappropriately used, technologies can lead farmers to increase production in ways that degrade natural resources. New technologies have often been developed with a narrow focus on short-term profitability to farmers and without due consideration of their longer-term sustainability. For example, the development of powerful pesticides and herbicides reduced costs and improved yields but often had negative effects on the environment, human health and long-term yields. The construction of modern irrigation systems without adequate provision for water drainage has also been implicated in a lot of waterlogging and salinization problems. A related problem is the spread of new technologies from the agroclimatic zones or farming systems for which they were developed to other, less-suitable areas where they may degrade resources. A good example is the encroachment of barley cultivation into low-rainfall grazing areas in the Middle East, leading to widespread land degradation, a development that became profitable partly in response to new varieties and growing techniques developed for higher rainfall areas. The widespread transfer of technologies between countries can pose similar risks.
On the other hand, well-designed technologies can make important contributions to productivity growth while also improving environmental outcomes. Integrated pest management is a good example, as is low tillage farming and growing of fertilizer crops and trees (legumes that provide nitrogen to the soil). Another example is the use of pest-resistant crop varieties that reduce or eliminate the need for use of pesticides.
Many publicly funded international and national agricultural research systems have taken important steps in recent years to better address sustainability issues in technology design and to address some important natural resource management (NRM) issues at farm, landscape and watershed levels. The private sector has less incentive to undertake this kind of research and the rapid expansion of privately funded research in some countries implies that the public sector may have to increase its own share of NRM research.
(v) Property rights
The property rights that farmers have over natural resources can be important in determining whether they take a short-or long-term perspective in managing resources. For example, farmers who feel that their tenure is insecure, with or without formal rights, are less likely to be interested in conserving resources or in making investments that improve the long-term productivity of resources. Secure property rights can also be important for obtaining credit in order to make resource-improving investments (Feder et al. 1988) . Property rights are often problematic during the transition from extensive to intensive agricultural systems, when they typically must evolve from indigenous, community-based tenure systems to registered and legally recognized, private property arrangements. Although there is evidence that property rights do evolve in response to changing needs (Bruce & Mighot-Adholla 1993; Place & Hazell 1993) , this cannot always be taken for granted, especially if states have intervened in traditional property rights systems (e.g. nationalized land), or if government investments (e.g. in irrigation or roads) have abruptly increased the value of land. Property rights systems are usually codified and registered as countries develop, and as a result they are not an issue in most high-income countries (HICs). Many of the transitional economies (i.e. former communist countries) are an exception, and their property rights systems are typically in a state of flux. In the former Soviet Union, for example, many of the collective farms have yet to be sub-divided and privatized, whereas in China land has been subdivided but farmers have only been given tenancy rather than ownership rights.
Property rights over common property resources, such as open rangeland or forest, can be a problem in countries of all kinds because the local institutions that traditionally control and regulate the use of such resources are becoming less effective. They are particularly challenged by increasing numbers of resource users, and encroachment by outsiders. Privatization to individuals is sometimes the most efficient solution to the management of these resources. However, in many cases, there are good economic or social reasons for maintaining them as common properties .
(vi) Infrastructure and market access Adequate levels of rural infrastructure are essential for agricultural growth, and poor infrastructure is one of the most binding constraints for many poor countries ( Fan & Hazell 2001; Fan & Chan-Kang 2005) . Spencer (1994) compared the density of Africa's road network in early 1990s with that of India in the 1950s prior to the green revolution and found that India had nearly six times the density on average. If one takes the Indian density as broadly indicative of what is needed for rapid agricultural growth, then it is clear that much of Africa will need massive investments in rural infrastructure before it can hope to launch a successful agricultural revolution (see also Platteau (1996) ). This gap continues to widen as Asian countries are investing in rural infrastructure at higher rates than most African countries ( Fan & Rao 2003) .
Access to rural infrastructure has an important bearing on the types of land uses and livelihood strategies that communities and households are able to pursue. Better road access to markets, for example, enhances opportunities for high-value agriculture, including production of more perishable products. It can also enhance opportunities for off-farm employment and for engaging in own non-farm businesses (Pender 2004) . On the other hand, construction of new roads in environmentally fragile areas can be destructive since they may attract new settlement and increase the profitability of less sustainable land uses.
(vii) Non-farm opportunities Rural non-farm income, such as non-farm wage or selfemployment earnings, is already an important component of the livelihood strategies of rural people around the world, sometimes accounting for more than half their income. Its importance is also growing with urbanization and greater spatial integration of markets (Ellis & Harris 2004) . However, in many developing countries and other less-developed regions, opportunities for farmers and agricultural workers to reduce their dependence on agriculture are constrained by the paucity of their human, financial and physical assets and by the poor economic performance of the region and country in which they live. History shows that countries invariably diversify as they develop, and that involves a decline of agriculture relative to the rest of the economy and the movement of workers out of agriculture and into other occupations. However, diversification is demand driven and follows rising per capita incomes; it is not a primary engine of growth in its own right.
In richer and growing economies, rural-urban migration and rural income diversification are indicators of economic growth and structural transformation and a sign that workers are typically being 'pulled' out of agriculture into higher-paying occupations. However, when economic growth has stalled, as in much of Africa, migration and income diversification are more typically distress phenomena, with workers seeking to augment already low and declining per capita incomes from farming by increasing production of low-paying services and household manufactures for sale into already saturated local markets.
STRATEGIES FOR A MORE SUSTAINABLE AGRICULTURE
While a global review of drivers can point to broad challenges and opportunities, it is of limited value in designing sustainable strategies in a world in which food surpluses coexist with widespread hunger and where numerous forms of environmental degradation stem from agricultural growth. To better appreciate the relevance of specific drivers and to gain clearer insights into potential response options, we must recognize and deal with the heterogeneity of agricultural development conditions around the world.
The links between agricultural growth and environmental outcomes depend very much on the type of farming system and their country's economic context. For example, the environmental consequences of intensive farming in irrigated areas are quite different from those of extensive farming in low-potential rainfed areas, and richer countries have far more options than poor countries for correcting environmental problems. A useful way to capture these differences is through construction of a relatively simple global typology of agricultural domains (ADs) based on a country! farming systems approach.
(a) A typology of agricultural domains To capture important differences in country situations, we examined the literature on the determinants of national food security and hunger. This literature points to a wide range of factors including national level of income, income distribution, per capita food production, trade openness, risk exposure, conflict and insecurity and so on. However, of all these variables, per capita income and agricultural productivity appear to be the two strongest correlates of food security at the country level (e.g. ), and we adopt them for our AD characterization.
The standard measure of national income is gross national income (GNI) per capita, and the World Bank categorizes countries into one of three broad income Drivers of change in global agriculture P. Hazell & S. Wood 507 bands: HICs, middle-income countries (MICs) and LICs ( World Bank 2005) . GNI measures the total domestic and foreign values added as claimed by residents. GNI comprises GDP plus net receipts of primary income from foreign sources. GNI is computed in U.S. dollars from GNI reported in national currencies, using a 3-year average of exchange rates. LICs are those whose GNI/capita is less than US$825, middle income US$826-US$10 065, and high income more than US$10 065 ( World Bank 2005). Table 3 summarizes key development indicators for the three country groupings.
In keeping with the changing role of agriculture during the economic transformation of a country (see earlier), agriculture accounts for diminishing shares of national GDP and population as one moves from the LIC to the HIC group. Agriculture accounts for only 1.7% of total GDP and 3.6% of total population in the HICs, compared with 24% of GDP and 57% of the total population in LICs (table 3) . Although agriculture is a relatively modest component of GDP in MICs (9.4%), it still provides an important source of livelihood for nearly half the population (46%). With GDP shares that are smaller than population shares, there is an implied income gap between the agricultural and non-agricultural populations. This gap is growing fastest in LICs and is exacerbated by a still growing agricultural population (1.43% yr K1 ) despite negative growth (K1.78% yr K1 ) in agriculture's share of total GDP. The agricultural population is declining in MICs (K0.17% yr K1 ) and HICs (K3.74% yr
K1
). Calculations undertaken by the authors with World Bank data (World Bank 2005) show that the incidence of poverty (measured as the per cent of the population living on less than $1/day) is much higher (34.9%) in LICs than MICs (12.4%) and both are much higher than in HICs (1.9%). The shares of undernourished people follow a similar pattern-25% of the population in LICs, 10.1% in MICs, and 5% in HICs.
Crop productivity is highest in HICs as reflected in higher nitrogen application rates and average cereal yields (table 3) , but yield growth rates during 1992-2002 were marginally higher in both LICs and MICs than in HICs. At these rates of growth, it will take several hundred years for yields to converge between the three groups of countries.
While a country grouping is useful for capturing many important contextual issues that impinge on the constraints and opportunities for agriculture in general, it is insufficient for addressing many important agriculture-environment linkages. Although there are many farming systems classifications (e.g. Dixon et al. 2001) , our primary interest lies in capturing differences in agricultural productivity that are also linked to environmental issues. To this end, we have drawn upon spatially referenced information about the location and extent of rainfed and irrigated croplands and pasture/ rangelands, and further split the rainfed areas into those that are more or less favoured according to rainfall and terrain conditions. This process yielded three categories of location in terms of agricultural productivity classes, as follows.
-Irrigated agriculture (IA). Cropland and pasture areas with more than 15% of their surface area serviced by irrigation infrastructure. -High-potential rainfed agriculture (HPRA). Rainfed cropland and pasture/rangeland areas in which the length of growing period (LGP) is 180 d yr K1 or more and the average slope is less than 15%. -Low-potential rainfed agriculture (LPRA). Rainfed cropland and pasture/rangeland areas with LGP of less than 180 d yr K1 or where average slopes are 15% or greater.
Our typology intersects the three classes of per capita GNI with the three agricultural productivity classes to define nine AD categories. The area, population and production attributes of each AD are summarized in tables 4-7.
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Only 4.9% of the world's rural population of 3.3 billion live in HICs, while the remaining 95% are equally split between MICs and LICs (table 4). The largest share of rural people live in IA areas (41.3%), while 27.1% live in areas of HPRA and 31.6% live in areas of LPRA.
Of the world's total agricultural area, more than half (55%) are LPRA areas, while 10% are IA areas and 35% are HPRA areas (table 5) . Interestingly, the split between IA areas, HPRA areas and LPRA areas is about the same in all three country groups (i.e. 10, 35 and 55%, respectively). The majority of the world's agricultural land falls in the MICs (52%), followed by LICs (29%) and HICs (19%). The global value of crop and livestock production is about equally split at one-third each between IA areas, HPRA areas and LPRA areas (table 6). Production is concentrated in MICs (54%), followed by HICs (27.4%) and LICs (19.0%). The high MIC share is in keeping with their large area share, but the LIC and HIC shares of production are the inverse of their shares of the land area, implying significant differences in land productivity. This is confirmed in table 7, where it can be seen that on average land productivity in LICs is about half that in HICs and 64% of that in MICs. There are even wider disparities in labour productivity (measured as agricultural production per capita of agricultural population).
The disparities in land productivities across major farming systems are huge. On average, LPRA areas generate less than 15% of the total value of output of IA areas, and in LICs even HPRA areas do not perform much better than LPRA areas. Fortunately, population densities are also much lower in LPRA areas (table 8) , so disparities in per capita agricultural output are much smaller (table 7) . In LICs, for example, LPRA areas are only 10% as productive as IA areas, but because the population density in these areas is only 13% of that in IA areas, their per capita production is only 25% smaller. From the perspective of economic development, the most important ADs are the IA areas and HPRA areas. Together, these account for 70% of the total value of crop and livestock production in the developing world (MICsCLICs) and for 51% of the global value of crop and livestock production. These ADs feed the developing world, and strategies for sustaining and increasing their productivity will be essential for feeding growing developing country populations. They are also home to 68% of the developing world's rural population.
However, from a poverty perspective, the LPRA areas cannot be neglected. These are home to about one-third of the developing world's rural population, and to a larger share of the rural poor. We do not have matching poverty data for our ADs, but studies of India and China (which together account for the majority of the developing world's total and rural populations) show that two-thirds or more of their rural poor live in less-favoured rainfed areas ( Fan & Hazell 2001) .
From an environmental perspective, the spatial distribution of IA and HPRA systems reflect the global distribution of many of the environmental problems associated with intensive farming systems (e.g. surface water and aquifer depletion, water logging and salinization of soils, chemical pollution, biodiversity loss). The distribution of LPRA systems reflects the global distribution of environmental problems associated with an expansion in extensive agriculture (e.g. deforestation, habitat and biodiversity loss, decreasing carbon sequestration capacity, soil erosion and soil fertility depletion), the problems being more severe the greater the population density, and the slower the growth in yields. These are typically poorer and more remote regions that are very likely food-deficit regions. Table 9 , for example, shows that the prevalence of intrinsic soil quality constraints is lowest in HICs and irrigated areas and highest in rainfed lands in LICs.
(b) Strategies for sustainable agricultural development (i) Country perspectives The prospects for agricultural development differ considerably between our three country groups. In many MICs, past successes in meeting national food needs and transforming the economy have created a fundamental shift in the opportunities for farming. The prices of food staples are at historic lows, and remaining hunger and malnutrition is largely a problem of income distribution rather than food supplies. Rising incomes for many are leading to an unprecedented growth in demand for livestock, oilseed and horticultural and processed food products. In this situation, future agricultural strategies will need to focus on the very favourable opportunities that now exist for farmers to diversify away from food grains and into higher-value products. Farmers are prospering most in regions best able to compete in the market-those with good infrastructure and with marketing and distribution systems for higher-value, perishable foods. The private sector is taking the lead in making many of these investments and in organizing the markets.
High-value agriculture is already making substantial contributions to income growth in many MICs. However, left to market forces alone, many small farmers and poorer regions are likely to be left further behind. While growth in the service and manufacturing sectors is creating attractive income diversification and exit opportunities for many rural workers, such opportunities are still too limited in relation to need. Already there are signs of worsening spatial and inter-household inequalities in countries like China (Zhang & Fan 2004) . Public interventions are needed to help distribute the benefits of the new agricultural growth more widely. These should include policies and investments to help integrate small farmers into modern market chains and to promote the long-term development of more remote and less-favoured regions.
The rapid growth of high-value agriculture often requires more flexible water management practices and this can be a challenge in areas with outmoded irrigation infrastructure and water management institutions. On the other hand, diversification does open up new opportunities for reducing water use and increasing the value of output per unit of water used. High-value agriculture also presents its own environmental challenges. These include use of pesticides on horticultural crops, problems in disposing of effluent and other animal waste products from intensive livestock systems (especially in peri-urban areas) and greater health risks. The ability to monitor and manage these kinds of problems has become important in most MICs.
While some LICs (e.g. India) are now growing very fast and are beginning to experience many of the opportunities and transition problems challenging MICs, many others (especially in sub-Saharan Africa) face a very different situation. Reminiscent of Asia in the early 1960s, these LICs are struggling with widespread poverty and malnutrition, national food deficits and increasing dependence on food imports and concessionary aid. Food staples still account for the majority share of their total value of agricultural output, and demand is projected to grow rapidly (e.g. doubling by 2020 across much of Africa). Moreover, with low and stagnant per capita incomes and widespread poverty, demand for higher-value foods remains low. The main growth in these markets lies in exports, but their current value is typically small and they are difficult markets for most LIC farmers to penetrate. Unlike MICs, the manufacturing sector remains small and lacklustre in most LICs, and the only real off-farm opportunities for small farmers are low-paying jobs in the service sector. In this context, the most viable prospects for most rural people in stagnant LICs still lie in agriculture, and in food staples rather than highvalue agriculture.
Increasing production of food staples is challenging for many LICs owing to poor rural infrastructure and weak institutions to support agricultural development. Market access and transport costs are daunting obstacles to development. Modern technologies are simply not economic when farmers have to pay multiples of the world price offertilizer and receive only a small share of the final market value of their products. In many cases, the problem has been exacerbated by structural adjustment programmes that removed the public institutions and subsidies providing farmers with affordable access to key inputs and markets. It will take significant investment in infrastructure and new technology to make the food staples sector competitive in today's markets. Moreover, since the privatization of markets for food staples and basic agricultural services has largely failed, there is urgent need for public sector innovation in models of public-private partnership that might fill the main marketing gaps; provide farmers with access to essential inputs like fertilizers, seeds and credit; and provide effective instruments for managing risk (Dorward et al. 2004) .
The prospects for many agriculturally dependent LICs that fail to develop their food staples sectors are not favourable. Failure will emerge in the form of more dualistic patterns of agricultural growth, with a relatively small commercial farm sector producing high-value products for export and urban elites, and a large mass of subsistence-oriented farmers. In the absence of rapid growth in productive non-farm job opportunities, subsistence agriculture will inevitably lead to further degradation of the natural resource base and worsening poverty and hunger. Massive relief programmes funded by rich countries through grants or loans cannot provide a sustainable solution to this problem, and anyway may well be cut once the 2015 time frame for the millennium development goals has passed.
In most OECD countries, agriculture is at a cross roads, and future opportunities will hinge on the final outcome of the Doha Round of the world trade negotiations. If successful, and that seems far from certain, there would be an accelerated transition to modes of farm income support that are de-linked from production, and export subsidies would be removed.
Greater exposure to world prices would encourage many farmers in these countries to diversify away from cereals and industrial crops like sugar beet and cotton into higher-value products and niche markets like organics. This would have mixed environmental impacts, with an overall reduction in nitrogen use and an increase in crop biodiversity, but perhaps greater use of pesticides and water. There would also be a sizeable expansion in the land area set aside for forest and other environmental purposes, and perhaps even bio-energy crops.
(ii) Farming system perspectives The management of intensive farming in irrigated and high-potential rainfed areas requires better management of modem inputs. Deficient management of such inputs is commonplace in many developing countries where millions of poorly educated farmers now use them, and the problem has been exacerbated by inadequate extension and training, ineffective regulation of water quality, and input pricing and subsidy policies that made modern inputs too cheap and encouraged excessive use. Rich countries have not escaped these problems either, in part owing to government support policies that made highly intensive farming more profitable than it should have been, and owing to water resource and water quality regulation weaknesses similar to those of developing countries. Policy and institutional reforms that correct inappropriate incentives can make an important difference. Improved technologies, such as precision farming (using geographical information system (GIS)), ecological approaches to pest management, pest resistant varieties and improved water management practices can even increase yields while reducing chemical use (Pingali et al. 1997) , implying that intensification does not have to be inconsistent with good management of the environment.
Farmers have been slow to switch to these kinds of improved practices. One reason is the continuing subsidies on water and agrochemicals that many governments provide. By making these inputs less costly, subsidies encourage farmers to be more wasteful in their use. However, another reason is that many of these improved practices are more labour and knowledge intensive (Pingali et al. 1997) , and they can be difficult and costly for farmers to adopt. Rising labour costs in many South East Asian countries reduce the likelihood of adoption there, but the prospects seem more promising in the labour abundant regions of South Asia where they could also generate useful employment for the poor.
As demand for water has grown, especially in the non-agricultural sectors, many countries are increasingly facing water scarcities that will impact on water supplies available for irrigation. A priority for irrigated farming must be to obtain more crop value per unit of water while substantially reducing total water use, water pollution and the unsustainable mining of groundwater and aquifers. Although better technology and water pricing policies can make an important difference, the problems in many river basins will ultimately require a fundamental shift towards more market driven water allocation systems and more effective management and regulation of environmental Drivers of change in global agriculture P. Hazell & S. Wood 511 externalities by governments and local communities. The prognosis for change is not good, given the politically contentious nature of changes in water ownership and allocation rights in many countries.
The prospects for reform of intensive farming systems are greatest in HICs and many MICs. Farmers in these countries face new market opportunities for diversifying away from monocrop farming, and even for expanding into niche markets for organic produce. The high quality, health and environmental standards imposed by governments and marketing organizations such as supermarkets are also compelling farmers to shift to better and more sustainable farming practices. Public institutions and civil society are also well organized in many of these countries and have the capacity to both regulate and assist farming communities in managing natural resources, including common property resources like groundwater, forests, rangelands and biodiversity. Improvements will be more challenging in many LICs where these institutional capacities and market pressures are much weaker and where most farmers remain poor.
The improved management of many low-potential rainfed areas in LICs and MICs lies partly in greater use of small-scale irrigation, water harvesting and modern inputs (including better synergies of new and indigenous knowledge systems) to achieve higher yields, restore soil fertility and reduce poverty and hunger. Continued reliance on low-productivity approaches, in the face of often rapidly mounting local food demands, has exacerbated soil nutrient depletion and soil erosion. Unfortunately, since many of such regions have limited infrastructure and market access, greater use of modern inputs is problematic and often unprofitable, access to information is limited and farmers must find alternative ways of increasing output. This brings additional pressure to shorten fallows unsustainably and to open up new land to agriculture, the latter often with high costs in terms of habitat and biodiversity loss.
Across all types of farming system, there has been a growing sense of urgency-notwithstanding the primacy of food security-that agriculture needs to do much more to reduce its environmental footprint. High external input systems are highly consumptive of energy and water for which demand is increasingly competitive with other sectors. We have also described how these systems tend to generate high external costs through emissions and residues (e.g. greenhouse gases, agrochemical residues in water and pesticide toxicity to humans and biodiversity) and through other land use and management strategies that often take a severe toll on wild biodiversity. Low-productivity systems are overly consumptive of land and, consequently, of wild biodiversity, increase carbon dioxide emissions through greater land conversion and management practices such as burning, and increased sediment transport and downstream siltation. However, more holistic approaches that simultaneously maintain the necessary focus on improved productivity as well as improved environmental outcomes, in ways that are profitable to farm households, are emerging (McNeely & Scherr 2003; Gliessman 2005; Pretty 2005 Pretty , 2008 Pretty et al. 2006 ). However, the success of many of these approaches depends on improved assimilation of new scientific knowledge as well as more progressive policy and institutional environments (Pretty 2008) .
Sustainable agriculture approaches focus attention on the integrated and more synergistic use of a range of pest, nutrient, soil and water management technologies. Reliance on purchased or external inputs such as chemical fertilizers, pesticides and improved seed is minimized, as is that of high energy-consuming mechanization. These methods are particularly appropriate for fragile and low-yield farming systems located in dry lands, wetlands, uplands, near-deserts, mountains and hillsides. Examples of specific technologies encompass: improved fallows, contour grass strips, rock bunds, rainwater harvesting, integrated pest management, zero tillage, and crop rotations and mixed farming, including integration of trees and livestock into the farming system. Such technologies generally result in increased land productivity, particularly in the case of technologies that produce consumable or saleable outputs. Technologies such as rock bunds do not produce food or produce for sale in the short run, but can contribute to long-term increases in land productivity by helping intercept and retain water, soil and nutrients. Some sustainable agriculture technologies are labour intensive, making them better suited to regions with surplus labour and small farms. On the other hand, some technologies contribute to greater water availability by acting as water conservation mechanisms. Technologies that improve soil water and nutrient management can also increase the profitability of using greater amounts of modern inputs.
Most improved NRM strategies for less-favoured areas require effective property rights and a high degree of collective action . For example, agroforestry and perennial tree crops are long-term investments, and individual farmers will only plant trees if they have secure (land or tree) property rights to ensure the capture of future returns from their investment. In the absence of formal legal property rights systems in many developing countries, secure access to resources can only be assured by local communities and hence customary property rights systems remain important. Some types of investments (e.g. watershed development and soil erosion control on hillsides) also require effective collection action between neighbouring farmers as well as long-term and secure property rights at household and community levels. Improvement of common property resources like woodlands, rangelands and groundwater, which play key roles in the livelihood strategies of many rural people in less-favoured areas, also requires effective local institutions for their management and regulation. Indigenous institutions that performed these roles quite successfully in the past have often been undercut by population growth, encroachment by outsiders and by state interventions (such as nationalization and public management of forests and rangelands in some countries). Recent attempts to re-empower local communities to manage their own resources have met with mixed success, but building upon and scaling up from recent successes probably offer the best hope for the future.
The management of less-favoured areas in HICs is much less of a problem. There is relatively little human pressure on the natural resource base and many such areas are managed under regulated systems of financial support that are linked to the provision of environmental services.
CONCLUDING REMARKS
We have reviewed a number of the key issues and drivers of significance to agriculture globally. We have seen that immense progress has been made from a humanitarian perspective in feeding a world population that has doubled in the past 40 years, become more wealthy, and increased its per capita demand for lowcost food in terms of quantity, quality and diversity. However, much still remains to be done both to further strengthen food security for the majority, and to attack the persistent, large and, in some places, still-growing pockets of hunger. Furthermore, all this needs to be done in ways that improve (or at least damage less) our long-term capacity to sustain food production. This means conserving biodiversity, soils, water and other resources that will provide the level and quality of ecosystem services necessary to support agriculture in the future.
However, while some drivers may be common, it is unlikely that appropriate responses to change either positive or negative impacts will likewise be similar. The geo-political and agroecological contexts under which agriculture is conducted globally-which we have broadly dubbed ADs-are very heterogeneous. We have proposed some broad categories of AD that might be helpful in thinking through the different ways in which drivers have impact and society might respond most appropriately. There are unlikely to be quick and easy adjustments to change in any domain, but working more diligently to organize our understanding of how and at what scale drivers operate and how they might interact, might help us find more quickly the commonalities of approach, and provide a structure for scaling these insights up and out.
